Introduction
Several studies have reported the cervical facet joints as a possible source of neck pain [2, 4, 5, 7, 8, 19] . Morphologically, the joint capsule is well innervated, receiving nerve supply from the medial branches of the dorsal rami [4] . Each medial branch segmentally innervates at two facet joints [4] .
It has been reported that the C5/6 facet joint is multisegmentally innervated by C3, C4 and C7-T3 DRGs through paravertebral sympathetic trunks and by C5 and C6 DRGs directly through the medial branches of the dorsal rami [13] .
It has also been reported that Substance P (SP) and calcitonin gene-related peptide (CGRP) immunoreactive (ir) nerve fibres are present within the facet joint capsules [1, 7, 21] . SP and CGRP are markers of sensory neurons involved mainly in pain perception [6] . We have also reported earlier on the existence of CGRP-ir DRG neurons innervating the C5/6 facet joint by retrograde neurotransport method and immunohistochemistry [14] .
Previous clinical studies have reported that patients with cervical facet joint lesions and cervical facet joint injury sometimes experience diffuse neck pain, headache, and arm and shoulder pain [2, 5, 7, 8, 19] . However, the mechanism of the intensity and expansion of facet joint pain has not been investigated.
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Calcitonin gene-related peptide immunoreactive DRG neurons innervating the cervical facet joints show phenotypic switch in cervical facet injury in rats
The present study was undertaken to determine the distribution and phenotypic changes of CGRP-ir DRG neurons innervating the injured C5/6 facet joint in rats. The C3, C4 and C7-T3 DRGs innervating the C5/6 facet joints through paravertebral sympathetic trunks and the C5 and C6 DRGs innervating the C5/6 facet joints directly through the medial branches of the dorsal rami have been separately discussed.
Materials and methods
Twenty male Sprague-Dawley (SD) rats weighing 250-300 g were used. They were anaesthetized with sodium pentobarbital (40 mg/ kg, i.p.) and treated aseptically throughout the experiments. A midline dorsal longitudinal incision was made over the cervical spine. The left C5/6 facet joint capsule was exposed under a microscope. A 26-G needle whose tip was filled with two fluoro-gold crystals (F-G; fluorochrome, Denver, Colo.) was advanced into the facet joint. The hole was immediately sealed with cyanoacrylate to prevent leakage of F-G. Then the fascia and skin were closed.
For the injured model, 2 weeks after application of F-G, 10 of the 20 rats were anaesthetized again, and the capsule of the same facet joint was cut completely.
Three weeks after the first surgery, these 20 rats were anaesthetized with sodium pentobarbital (40 mg/kg, i.p.) and perfused transcardially with 0.9% saline, followed by 500 ml of 4% paraformaldehyde in phosphate buffer (0.1 M, pH 7.4). Bilateral DRGs from the C3 to T3 levels were resected. The specimens were immersed in the same fixative solution overnight at 4°C. After storing in 0.01-M phosphate buffer saline (PBS) containing 20% sucrose for 20 h at 4°C, each DRG was sectioned at 40 µm thickness on a cryostat. We analysed all the sections that were obtained -around 20 from each DRG.
Immunohistochemistry of CGRP
Sections of DRGs were collected in PBS. Endogenous tissue peroxidase activity was quenched by soaking the sections for 30 min in 0.3% hydrogen peroxide solution in 0.01 M PBS. The specimens were then treated for 90 min in blocking solution, 0.01 M PBS containing 0.3% Tritron X-100 and 1% normal goat serum, at room temperature. They were processed for CGRP immunohistochemistry by free-floating ABC technique using rabbit antibody for CGRP (1:2000; Chemicon, Temecula, Calif.) diluted with a blocking solution for 20 h at 4°C, biotinylated goat anti-rabbit IgG (1:100; Vector Labs, Burlingame, Calif.), and fluorescein iso-thiocyanate (FITC) avidin D (1:100; Vector Labs, Burlingame, Calif.). After each step, the sections were rinsed in 0.01 M PBS three times. The sections were observed with a fluorescent microscope. The number of F-G labelled neurons and of F-G labelled CGRP-ir neurons in all the sections was counted. The cross-sectional areas of cell profiles of F-G labelled CGRP-ir neurons from C3 to C8 DRGs were also measured in the bilateral DRG neurons in both groups with a computer-assisted imaging analysis system (NIH Image software ver 1.58). The procedure was performed by a blinded observer.
Statistical analysis
The data were compared by ANOVA. A P-value of less than 0.05 was considered statistically significant.
Results

F-G labelled DRG neurons
DRG neurons labelled by F-G transported from the C5/6 facet joint were present in the left DRGs from C3 through T3 in the control and the injured groups (Table 1) . No labelled neurons were observed in the contralateral DRGs from C3 through T3. The segmental distribution of the F-G labelled neurons is shown in Table 1 . The F-G labelled neurons were small, intermediate, and large. The number of F-G labelled neurons in the DRGs in C5 was significantly greater than that in other DRGs in both the control and the injured group (Table 1 ) (P<0.05). Of the F-G labelled neurons, 41% in the control group and 42% in the injured group were recognized in the C5 and C6 DRGs, and the remaining 59% in the control group and 58% in the injured group were identified in the C3, C4, and C7-T3 DRGs. There were no differences in distributional pattern and ratios of F-G labelled neurons in DRG from C3 to T3 between control and injured group. (Table 1 ). Figure 1 shows the F-G labelled CGRP-ir DRG neurons in both groups. The differences between the control group and the injured group with respect to the ratios of F-G labelled CGRP-ir neurons to all F-G labelled neurons were not significant for the C3, C4 and C7-T3 DRGs, but there were significant differences for the C5 and C6 DRGs (P<0.05).
Cross-sectional area of cell profiles from C3 to C8 DRGs A total of 90 F-G labelled CGRP-ir neurons from C3 to C8 DRGs were measured in the control group, and a total of 56 were measured in the injured group. The cross-sectional areas of cell profiles of F-G labelled CGRP-ir neurons at each level in both groups are shown in Table 2 and Fig. 2 . The mean cell profile from C3 to C8 DRGs was from 175 to 1450 µm 2 (625±22 µm 2 ; mean±SE) in the control group (C3, C4, C7, and C8, 612±35 µm 2 ; C5 and C6, 632±28 µm 2 ; mean±SE). The mean cell profile from C3 to C8 in the injured group was from 325 to 1550 µm 2 (878±33µm 2 ; mean±SE) (C3, C4, C7 and C8, 982±39 µm 2 ; C5 and C6, 761±47 µm 2 ; mean±SE). The mean F-G la- belled CGRP-ir cell profile of C3, C4, C7, and C8 DRGs and that of C5 and C6 DRGs was significantly greater in the injured group than in the controls (P<0.001).
Discussion
Innervation pattern of C5/6 facet joint (F-G labelled neurons)
It has been reported that in the rat, the C1/2, C3/4, and C5/6 facet joints are innervated by two distinct systems [11] . In one system, sensory nerve fibres from the facet joint are believed to pass via the medial branch of dorsal rami and reach DRGs at the adjacent level. In the other system, sensory nerve fibres enter the paravertebral sympathetic trunks through the ramus communicans and reach the distant DRGs directly via each ramus [13] . The C1/2, C3/4, and C5/6 facet joints are mostly innervated by the DRG at the adjacent level [13] . In the current study, the pattern of sensory innervation was the same; the C5/6 facet joint was multi-segmentally innervated by DRGs. Furthermore, the facet joint was more richly innervated by C5 DRG neurons than other DRGs. Although, there are seven facet joints in the cervical spine, we chose the C5/6 facet joint in this study. This was because it is one of the most clinically common symptomatic joints in humans [2, 8, 19] . As in humans, rats have seven cervical vertebrae, so the rat C5/6 facet joint appears to correspond to the human C5/6 facet joint [13] . In the current study we only examined the C5/6 facet joint. If the pattern of sensory innervation in the rat corresponds to that in humans, we can extrapolate the findings from the experimental model to further understand the clinical cervical facet syndrome, in which patients experience diffuse neck pain and headache [2, 5] .
CGRP-ir DRG neurons labelled by F-G in the control group CGRP is present in about 45% of the primary sensory neurons in DRG [6] . DRG neuronal size is correlated with the calibre of primary afferent axons, and usually CGRP is localized to small neurons, which are usually associated with unmyelinated axons [6] . These axons terminate mainly in laminae I and II of the spinal dorsal horn and carry information from peripheral nociceptors [6] . Medium and large cells in the DRG have myelinated axons that carry information from low-threshold mechanoreceptors, and terminate mainly in laminae III and IV of the spinal dorsal horn [22] . A study of electrophysiologically characterized neurons in lumbar dorsal root ganglia using dye injection revealed CGRP-like immunoreactivity in 46% of C-fibre neurons, 33% of A-delta fibre neurons, and 17% of A-alpha/beta fibre neurons [10] . These data show that CGRP is mainly a marker of pain perception, although under some circumstances CGRP is a marker of proprioception. Recently, using immunohistochemical techniques, several authors have reported CGRP-ir nerve fibres in the facet joint [1, 7, 18] , and under physiological conditions in rats, CGRP-ir neurons innervating cervical facet joints were characterized as small DRG neurons [14] . In the current study, we did not examine the electrophysiological characteristics of neurons. However, anatomical measurement of cell size (from 175 to 1450 µm 2 ) leads us to conclude that most CGRP-ir DRG neurons transmit pain sensation, not proprioception or other modalities. Nevertheless, some FG-labelled CGRP-ir neurons are perhaps not involved in nociception.
Phenotypic switch of CGRP-ir DRG neurons labelled by F-G in the control group to larger neurons Large DRG neurons send A-beta fibres to laminae III and IV of the spinal cord, an area that is considered to participate in the processing of innocuous input, such as that from brush and pressure [20] . After peripheral nerve injury, allodynia and hyperalgesia are not only the result of peripheral sensitization [16] , but also the consequence of altered sensory processing in the spinal cord. Central sensitization in spinal cord is a facilitation of synaptic transmission following an increase in afferent fibre activity [3, 21] . Morphological study revealed that A-delta fibres sprout into laminae I and II from laminae III and IV after sciatic nerve axotomy [22, 23] , and that the sprouted terminals establish synapse-like structures with neurons in the substantia gelatinosa (lamina II) [9] . It has been demonstrated electrophysiologically that, following sciatic nerve transection, large myelinated A-beta afferent fibres establish synaptic contact with interneurons and transmit innocuous information to substantia gelatinosa [15] .
After peripheral nerve injury, substance P (SP) and CGRP in the small DRG neurons decreases [11, 12] . However, SP and CGRP, which are not produced in medium and large DRG neurons under physiological conditions, start to be expressed in these neurons [11, 14] . The expression of SP and CGRP in large DRG neurons is induced by mechanical allodynia [11, 12] . These results indicate that a subpopulation of DRG neurons express CGRP in response to peripheral nerve injury, and transport this peptide to laminae III and IV in the spinal dorsal horn. The increase in CGRP in the deep laminae may affect the excitability of postsynaptic neurons, and may have a role in neuronal plasticity following peripheral nerve injury [11] .
In the peripheral nerve injured group, the ratios of F-G labelled CGRP-ir neurons decreased in the C5 and C6 DRGs. However, injury resulted in an overall shift in the distribution of the size of profiles to the larger size, and the mean cross-sectional area of the cell profiles was also enlarged in C3, C4, C7, and C8 DRG neurons. Large DRG neurons sending their proximal axons to laminae III and IV appear to start producing CGRP, and to release this peptide to the laminae III and IV, sensitizing the interneurons and secondary neurons. The number of CGRP-ir neurons in the C5 and C6 DRGs decreased, but the number in C3, C4, C7, and C8 DRG neurons did not change. The reason for this remains unclear. However, it has been reported that some neurons innervating the rat lumbar facet joint were surrounded by CGRP-ir sensory fibres in the paraventral sympathetic trunks, and may be affected by these CGRP-ir fibres [17] . We were led to suspect that the respective pathways may be affected in different ways after nerve injury.
Limitations of the study Limitations of the current study include:
1. We did not evaluate pain behaviour because, while it generally is possible to examine pain behaviour originating from rat foot, it is impossible to evaluate rat neck. 2. We did not examine the electrophysiological phenotype of the changed neurons. 3. Changes in the spinal dorsal horn were not examined.
Conclusions
In previous clinical reports, patients with cervical facet lesions and facet injury sometimes experience severe pain that may extend over a large area [2, 5] . Our results suggest that after injury, large neurons, which do not normally produce CGRP, start to generate it. These findings may provide a basis for the pathophysiology of pain perceived by humans after cervical facet lesions and facet joint injury.
